
Training with 26 single, randomly generated patterns and testing with simultaneous patterns.  Test 
patterns are combinations of the trained patterns (either addition or union).  Only 5 features are shown. 

Test	
  Method	
  

Simultaneous	
   Pa2ern	
   Demonstra5on	
   	
   Whether	
   simultaneous	
  
pa0erns	
  are	
  combined	
  via	
  addi5on	
  or	
  union,	
  regulatory	
  feedback	
  
is	
   able	
   to	
   be0er	
   recognize	
   simultaneous	
   pa0ern	
   combina5ons.	
  	
  
Single	
   learned	
   pa0erns	
   (k=1)	
   and	
   pa*ern	
   mixes	
   of	
   up	
   to	
   8	
  
simultaneously	
  (k=2	
  ..	
  8)	
  are	
  presented	
  to	
  the	
  networks	
  that	
  were	
  
trained	
   on	
   single	
   pa*erns.	
   	
   Le?:	
   simultaneous	
   pa*erns	
   are	
  
composed	
   by	
   adding	
   overlapping	
   features.	
   	
   Only	
   feedback	
  
regulaEon	
   can	
   inherently	
   recognize	
   all	
   simultaneous	
   pa*erns.	
  	
  
Right:	
   simultaneous	
   pa*erns	
   are	
   composed	
   by	
   a	
   union	
   of	
  
overlapping	
  features.	
   	
  Even	
  though	
  informaEon	
  can	
  be	
  lost	
  in	
  the	
  
union,	
   regulatory	
   feedback	
   sEll	
  outperforms	
  other	
  methods.	
   SVM	
  
and	
   NN	
   performance	
   is	
   unavailable	
   for	
   k>4	
   because	
  WEKA	
   does	
  
not	
  support	
  such	
  large	
  numbers	
  of	
  test	
  sets.	
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Synopsis:	
  	
  

What	
  is	
  the	
  role	
  of	
  large	
  numbers	
  of	
  top-­‐down	
  output-­‐to-­‐input	
  reentrant	
  connec5ons	
  in	
  sensory	
  processing	
  regions?	
  	
  	
  
Simula5ons	
  show	
  reentrant	
  regulatory	
  feedback	
  connec5ons	
  can	
  promote	
  simultaneous	
  pa2ern	
  processing:	
  

About	
  Regulatory	
  Feedback	
  

Output	
  Layer	
  (top,	
  post-­‐synap5c,	
  y)	
  

Input	
  Layer	
  (bo0om,	
  pre-­‐synap5c,	
  x)	
  

	
   	
  	
  

Feed-­‐Forward
	
  	
  	
  

Lateral	
  Inhibi5on	
   Regulatory	
  
Feedback	
  

e.g.	
  SVMs,	
  NNs	
   e.g.	
  Winner-­‐Take-­‐All 
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Results	
  

Schematic	
  of	
  symmetric	
  self-­‐regulation:	
  if	
  x1	
  activates	
  y1	
  &	
  y2	
  then	
  
feedback	
  from	
  y1	
  &	
  y2	
  regulates	
  x1.	
  	
  Similarly	
  if	
  x2	
  activates	
  y1,	
  y2,	
  y3	
  
&	
   y4	
   then	
   feedback	
   from	
   y1,	
   y2,	
   y3	
   &	
   y4	
   regulates	
   x2.	
   	
   For	
   this	
  
example:	
   FB1={y1,y2}, FB2={y1,y2,y3,y4}, FF1=FF2={x1,x2},  
FF3=FF4={x2}. 

Governing	
  Equa5ons	
   Example	
  Configura5on	
  

Demonstra5on	
  of	
   Simplest	
  Network:	
  Nodes	
   y1	
  
and	
   y2	
   (A	
   &	
   B	
   respec5vely)	
   can	
   be	
   simply	
  
combined	
  to	
  form	
  a	
  network	
  (C).	
   	
  No	
  addi5ons	
  
to	
   the	
   base	
   nodes	
   or	
   new	
   connec5ons	
   are	
  
needed.	
   	
  The	
  nodes	
  interact	
  with	
  each	
  other	
  at	
  
the	
  common	
  input,	
  x1.	
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Simplest	
  Example:	
  

Conclusions:	
  	
  
1)  Regulatory	
  feedback	
  adjusts	
  input	
  salience	
  based	
  on	
  output	
  use	
  	
  
2)  ATer	
  training	
  with	
  single	
  pa2erns	
  it	
  can	
  de-­‐mix	
  arbitrary	
  combina5ons	
  of	
  those	
  single	
  pa2erns.	
  	
  	
  

This	
  suggests	
  a	
  neural	
  method	
  to	
  compute	
  salience	
  and	
  reason	
  for	
  ubiquitous	
  feedback	
  connec5ons	
  in	
  sensory	
  processing	
  regions	
  	
  

At the end of each test, the top k output (y-values) are selected and their identity is compared to the 
patterns in xmix.  If the top k nodes match the patterns that were used to compose the xmix, then a correct 
classification for that combination/test is recorded.  This is plotted as the percent correct of the possible 
tests. For example suppose k=3 (2,600 tests are performed), SVM recognized all 3 patterns in 1,560 of 
those tests then 60% is plotted for k=3.  

	
  even	
  with	
  	
  virtually	
  no	
  spa1al	
  
processing	
  such	
  as	
  olfac1on	
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  Time	
  

Each	
   output	
   node	
   yj	
   receives	
   feed-­‐forward	
   binary	
   input	
  
connec5ons	
   FFj.	
   Symmetrical	
   feedback	
   connec5ons	
   FBi	
   project	
  
back	
  to	
  inputs	
  and	
  regulate	
  them	
  by	
  modula5ng	
  salience.	
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